Abstract-The objective of this paper is to present a simple yet accurate implementation of a resistor emulator type line current shaping controller for high power factor operation of Flyback rectifier. The important feature is input voltage sensing is not required. In circuit realization of the controller no multiplier is used. Current shaping is performed directly on the input filter inductor current. The modulator uses only one reset integrator for the generation of duty ratio. The analysis presented in this paper shows the effect of input filter capacitance on discontinuous conduction mode (DCM) of operation of the Flyback inductor. Design equations for selection of the input filter components are derived. A low frequency ,small signal model of the rectifier is developed and verified by measurement upto 1KHz. The performance of the controller is first tested by SABER circuit simulator package. Then a 100W, 110V AC input, 50V DC output, single phase Flyback rectifier prototype is built for experimental verification.
I. INTRODUCTION
For high power factor operation of Flyback rectifier in the continuous conduction mode (CCM) non-linear carrier (NLC) Control [1] offers the advantage of simpler control structure compared to other CCM techniques, such as, average current mode [2] or charge control [3] .The key function of the NLC controller is the generation of the carrier waveform based on the expression of the average switch current in every switching period. For Flyback rectifier the ideal carrier waveform is approximated with the exponential carrier waveform to achieve simplicity in hardware implementation. As a result of the approximate carrier waveform, the input current is not exactly equal to the ideal e / R g g i v =
. The control technique that is proposed in [4] is simple, requires only one reset integrator and suitable for implementation as smart power integration scheme. This avoids the approximation in the carrier waveform by rearranging the same control equation as used in [1] . However, this implementation is also not exact as the switch current, instead of the input current is integrated over a switching cycle. A more exact method of implementation is proposed here as the carrier waveform is not approximated and instead of the switch current, the input current is integrated. Only one reset integrator is required for input current shaping without sensing the input voltage in the continuous conduction mode.
In Section II, we explain the principle of operation of the proposed controller with the circuit diagram of Flyback rectifier shown in Fig.1 . The condition for discontinuous conduction mode (DCM) of operation is derived in Section III. The design equations for the selection of input filter components are formulated in Section IV. The results of SABER simulation of the Flyback rectifier with the proposed controller are presented in Section V. In Section VI small signal model of the rectifier is derived and control to output transfer function is experimentally verified. In Section VII the experimental results of the prototype converter are presented.
II. INPUT CURRENT SHAPING CONTROLLER
The circuit schematic of the Flyback rectifier with the proposed controller is shown in Fig. 1 . The variables used in this discussion are also indicated in Fig.1 . The control objective of a single phase high power factor Flyback rectifier is to make the input current i g , proportional to the full wave rectified line voltage v g , while keeping the output voltage V o regulated at the reference value. Fig.  2(a) . The Flyback rectifier requires input Li-Ci filter because current in the primary side of the coupled Flyback inductor L is discontinuous. Using duty ratio control continuous current in the i L can be made proportional to the input voltage in each switching period T s . Presence of input filter has two implications : first, unlike Boost converter, the input voltage to the Flyback converter is V f , instead of V g . As a consequence, the duty ratio d would vary according to (2) as, Here, in order to keep the analysis simple we have assumed that the Flyback inductor turns ratio is 1. Under quasi steady state condition the duty ratio variation would reflect the variation in f v . It is therefore necessary that the output impedance of the input filter is designed to be low at line frequency f . Then in (1), v g can be replaced by
We therefore get,
The second implication of using input filter is, in each switching period T s, the average input current , ( ) Fig. 2(b) . Equations (7), (8) and (9) are combined to formulate (10).
The overall control scheme ,as shown in Fig. 1 , resembles that of a current mode control. The switch is turned on at the beginning of every switching period s T and (10) is used to determine the turn off condition of the switch. The circuit realization of (10) is shown in Fig. 1 . It can be seen that a single reset integrator is enough to implement the controller For example , as shown in Fig. 2 i n + respectively. In principle the modulator still implements averaged current mode control as in [1] , however the output of the voltage error amplifier and current sense signals are organized in such a way that there is no conspicuous carrier generated in the implementation and approximation in the carrier waveform is avoided.
III. DISCONTINUOUS CONDUCTION MODE (DCM)
The input current g i will be distorted if the Flyback inductor L enters into DCM. Then (3) is no longer valid. Instead
where,
,with the assumptions that g f v v ≈ , and the turns ratio is 1.
The duty ratio of the modulator is determined by
In DCM the Flyback inductor primary current is zero at the beginning of the switching period. Therefore, as shown in 
where, (14) and (15) respectively, to derive the condition for DCM operation from (11) and (14) as
The design parameters l K and c K can be defined as follows R is the load resistance of the rectifier. The relationship between R and e R can be obtained from the power balance condition between input and output of the Flyback rectifier. These two conditions are given by (27) and (28) respectively.
where, [ ]
where, 
The modulator uses the input current g I for producing the duty ratio of the period. 
The modified form of the modulator equation is given by (37),
The steady state value of D can be obtained by solving (38). 3 2 (1 )
We perturb (39) and subsequently linearize the quantities to obtain small signal linear model of the modulator as given by (39).ˆ( (1 ) (1 ) (
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and rewrite (34) as (42) after replacing D by the expression of (41). 
The control gain
The numerator and denominator polynomials are expressed as
(
Based on the DC operating point of 
